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(67)  Anunmanned vehicle path optimization method
and apparatus, a computer readable storage medium,
and an electronic device, relating to the technical field of
computers and communications. The method comprises:
obtaining a generated initial path of an unmanned vehicle
(S510); obtaining an obstacle in the periphery of the initial
path (S520); if the unmanned vehicle intersects with the
obstacle on the initial path, deciding not to detour the
obstacle (S530); if a second waypoint is located on the
left side of a line connecting a first waypoint and a central
point of the obstacle, deciding to detour the obstacle left-
wards; if the second waypoint is located on the right side
of the line connecting the first waypoint and the central
pointofthe obstacle, deciding to detour the obstacle right-
wards (S540); and optimizing the initial path of the un-
manned vehicle on the basis of the decision for the ob-
stacle (S550). The present method can solve the problem
that detouring behaviors of a smoothed path and an un-
smoothed path on an obstacle are not uniform.
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Description
CROSS REFERENCE

[0001] The present disclosure claims the priority of a
Chinese patent application with application number
202110212133.5 and titled "Route Optimization Method
for Unmanned Vehicles and Related Equipment" filed on
February 25, 2021, the entire contents of which are in-
corporated herein by reference in their entirety .

TECHNICAL FIELD

[0002] The present disclosure relates to the field of
computer and communication technologies, and in par-
ticular, to a method and device for optimizing a path of
an unmanned vehicle, a computer-readable storage me-
dium, and an electronic device.

BACKGROUND

[0003] The current mobile robot technology is devel-
oping rapidly. With the continuous expansion of robot
application scenarios and modes in recent years, all
kinds of mobile robots emerge in an endless stream, and
unmanned vehicles are one of them. At present, the path
planning of unmanned vehicles is generally based on the
evaluation system to obtain an optimal path in the eval-
uation system, and then use the path directly for speed
planning, without giving specific lateral decisions for ob-
stacles around the path (i.e. detouring leftward, detouring
rightward or not detouring). If the optimal path obtained
based on the set evaluation system is not smooth
enough, subsequent smoothing processing is required.
Since there is no lateral decision for obstacles around
the path, the path after smoothing may have inconsistent
detourbehaviortoward obstacles compared with the path
before smoothing, which will cause the unmanned vehi-
cle to be unable to circumvent obstacles.

[0004] Itshould be noted that the information disclosed
in the above Background sectionis only for enhancement
of understanding of the background of the present dis-
closure, and therefore may contain information that does
notform the prior art that is already known to those skilled
in the art.

SUMMARY

[0005] According to some embodiments of the present
disclosure, a path optimization method and device for an
unmanned vehicle, a computer-readable storage medi-
um, and an electronic device are provided, which can
avoid the problem of inconsistent detour behavior of ob-
stacles between the smoothed path and the unsmoothed
path.

[0006] Other features and advantages of the present
disclosure will become apparent from the following de-
tailed description, or be learned in part by practice of the
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present disclosure.

[0007] According to one aspect of the present disclo-
sure, a method for optimizing a path of an unmanned
vehicle is provided, including: acquiring an initial path
generated by the unmanned vehicle, wherein the initial
path includes a plurality of discrete waypoints; acquiring
an obstacle around the initial path; if the unmanned ve-
hicle intersects the obstacle on the initial path, deciding
not to detour the obstacle; if the unmanned vehicle does
notintersect the obstacle on the initial path, then: among
discrete waypoints in the initial path, if there are two ad-
jacent first waypoint and second waypoint close to the
obstacle, and the second waypoint is located on a left
side of a line connecting the first waypoint and a center
point of the obstacle, deciding to detour the obstacle left-
wards; among the discrete waypoints in the initial path,
if there are two adjacent first and second waypoints close
to the obstacle, and the second waypoint is located on a
right side of a line connecting the first waypoint and the
center point of the obstacle, deciding to detour the ob-
stacle rightwards; and optimizing the initial path of the
unmanned vehicle based on the deciding for the obsta-
cle.

[0008] Inone embodiment, the unmanned vehicle has
a center point, and the initial path is a movement trajec-
tory of the center point of the unmanned vehicle during
a driving process of the unmanned vehicle, wherein said
the unmanned vehicle intersects the obstacle on the in-
itial path, includes: when the center point of the un-
manned vehicle coincides with one discrete waypoint
among the plurality of discrete waypoints, the unmanned
vehicle intersects the obstacle.

[0009] Inone embodiment, the unmanned vehicle has
a center point, and the initial path is a movement trajec-
tory of the center point of the unmanned vehicle during
a driving process of the unmanned vehicle, wherein the
unmanned vehicle intersects the obstacle on the initial
path includes: when the center point of the unmanned
vehicle is between two adjacent discrete waypoints of
the initial path, the unmanned vehicle intersects the ob-
stacle.

[0010] In one embodiment, the center point of the un-
manned vehicle is between two adjacent discrete way-
points of the initial path, includes: there are a plurality of
intermediate trajectory points of the center points of the
unmanned vehicles inserted according to the movement
trajectory of the unmanned vehicle between the two ad-
jacentdiscrete waypoints ofthe initial path, and the center
point of the unmanned vehicle moves along the interme-
diate trajectory points between the two adjacent discrete
waypoints.

[0011] In one embodiment, the obstacle includes an
obstacle boundary polygon, the obstacle boundary pol-
ygon includes a starting Frenet S coordinate and an end-
ing Frenet S coordinate, the starting Frenet S coordinate
of the obstacle boundary polygon is a minimum value of
the Frenet S coordinates of endpoint coordinates of the
obstacle boundary polygon, and the ending Frenet S co-
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ordinate of the obstacle boundary polygon is a maximum
value of the Frenet S coordinates of the endpoint coord-
iantes of the obstacle boundary polygon, wherein, said
if there are two adjacent first waypoint and second way-
point close to the obstacle, includes: if the Frenet S co-
ordinate of the second waypoint is greater than the start-
ing Frenet S coordinate of the obstacle and the Frenet S
coordinate of the first waypoint is smaller than the ending
Frenet S coordinate of the obstacle, there are two adja-
cent first waypoint and second waypoint close to the ob-
stacle.

[0012] In one embodiment, the obstacle includes an
obstacle boundary polygon, wherein said if the un-
manned vehicle intersects the obstacle on the initial path,
includes: if the unmanned vehicle intersects the obstacle
or the obstacle boundary polygon on the initial path.
[0013] In one embodiment, said if the unmanned ve-
hicle intersects the obstacle or the obstacle boundary
polygon on the initial path, includes: among discrete way-
points in the initial path, if there is one discrete waypoint,
and the unmanned vehicle intersects the obstacle or the
obstacle boundary polygon.

[0014] According to one aspect of the present disclo-
sure, an apparatus for optimizing a path of an unmanned
vehicle is provided, including: an acquisition module,
configured to acquire an initial path generated by the un-
manned vehicle, and acquire obstacle around the initial
path, wherein the initial path includes a plurality of dis-
crete waypoints; a determination module, configured to
decide not to detour the obstacle if the unmanned vehicle
intersects the obstacle on the initial path; ifthe unmanned
vehicle does not intersect the obstacle on the initial path,
then: among discrete waypoints in the initial path, if there
are two adjacent first waypoint and second waypoint
close to the obstacle, and the second waypoint is located
on a left side of a line connecting the first waypoint and
a center point of the obstacle, decide to detour the ob-
stacle leftwards; among the discrete waypoints in the in-
itial path, if there are two adjacent first waypoint and sec-
ond waypoint close to the obstacle, and the second way-
point is located on a right side of a line connecting the
firstwaypoint and the center point of the obstacle, decide
to detour the obstacle rightwards; and an optimization
module configured to optimize the initial path of the un-
manned vehicle based on a decision of the obstacle.
[0015] According to one aspect of the present disclo-
sure, there is provided an electronic device, comprising:
one or more processors; a memory configured to store
one or more programs that, when executed by the one
or more processors, cause the one or more processors
to implement any of the method described in the above
embodiments.

[0016] According to one aspect of the present disclo-
sure, there is provided a computer-readable storage me-
dium, where a computer program is stored in the com-
puter-readable storage medium, wherein any of the
method described in the above embodiments is imple-
mented when the computer program is executed by a
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processor.
[0017] Inthetechnical solutions accordingto some em-
bodiments of the present disclosure, a decision-making
method for obstacle around the initial path is obtained
according to the initial path generated by the unmanned
vehicle, which can avoid the problem of not being able
to detour around the obstacle caused by inconsistent de-
tour behaviors for the obstacle. The path after smoothing
the inital path may have inconsistent detour behavior for
the obstacle compared to the path before smoothing.
[0018] Itis to be understood that the foregoing general
description and the following detailed description are ex-
emplary and explanatory only and are not restrictive of
the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The following figures describe certain illustra-
tive embodiments of the present disclosure, wherein like
reference numerals refer to like elements. These de-
scribed embodiments are intended to be exemplary em-
bodiments of the present disclosure and are notintended
to be limiting in any way.

FIG. 1 shows a schematic diagram of an exemplary
system architecture of method or device for optimiz-
ing a path of an unmanned vehicle to which one or
more embodiments of the present disclosure can be
applied;

FIG. 2 shows a schematic structural diagram of a
computer system suitable for implementing an elec-
tronic device according to one or more embodiments
of the present disclosure;

FIG. 3 schematically shows a Frenet coordinate sys-
tem and a Cartesian coordinate system according
to an embodiment of the present disclosure;

FIG. 4 schematically shows a schematic diagram of
an obstacle and an obstacle boundary polygon in a
Frenet coordinate system and a Cartesian coordi-
nate system according to an embodiment of the
present disclosure;

FIG. 5 schematically shows a flow chart of a method
for optimizing a path of an unmanned vehicle accord-
ing to an embodiment of the present disclosure;
FIG. 6 schematically shows a flowchart of a method
for decision-making on an obstacle of an unmanned
vehicle according to an embodiment of the present
disclosure;

FIG. 7 schematically shows a block diagram of an
apparatus for optimizing a path of an unmanned ve-
hicle according to an embodiment of the present dis-
closure;

FIG. 8 schematically shows a block diagram of an
apparatus for optimizing a path of an unmanned ve-
hicle according to another embodiment of the
present disclosure; and

FIG. 9 schematically shows a block diagram of an
apparatus for optimizing a path of an unmanned ve-
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hicle according to another embodiment of the
present disclosure.

DETAILED DESCRIPTION

[0020] Exemplary embodiments will now be described
more fully with reference to the accompanying drawings.
Exemplary embodiments, however, can be embodied in
various forms and should not be construed as limited to
the examples set forth herein; rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the concept of example
embodiments to those skilled in the art.

[0021] Furthermore, the described features, struc-
tures, or characteristics may be combined in any suitable
manner in one or more embodiments. In the following
description, numerous specific details are provided in or-
derto give a thorough understanding of the embodiments
of the present disclosure. However, those skilled in the
art will appreciate that the technical solutions of the
present disclosure may be practiced without one or more
of the specific details, or other methods, components,
devices, steps, etc. may be employed. In other instances,
well-known methods, devices, implementations, or op-
erations have not been shown or described in detail to
avoid obscuring aspects of the present disclosure.
[0022] The block diagrams shown in the figures are
merely functional entities and do not necessarily corre-
spond to physically separate entities. That is, these func-
tional entities may be implemented in software, or in one
or more hardware modules or integrated circuits, or in
different networks and/or processor devices and/or mi-
crocontroller devices.

[0023] The flowcharts shown in the figures are only
exemplary illustrations and do not necessarily include all
contents and operations/steps, nor do they have to be
performed in the order described. For example, some
operations/steps can be decomposed, and some oper-
ations/steps can be combined or partially combined, so
the actual execution order may be changed according to
the actual situation.

[0024] FIG. 1 shows a schematic diagram of an exem-
plary system architecture 100 to which method or appa-
ratus for optimizing a path of an unmanned vehicle ac-
cording to one or more embodiments of the present dis-
closure may be applied.

[0025] AsshowninFIG. 1, the system architecture 100
may include one or more of terminal devices 101, 102,
and 103, a network 104 and a server 105. The network
104 is the medium used to provide the communication
link between the terminal devices 101, 102, 103 and the
server 105. The network 104 may include various con-
nection types, such as wired, wireless communication
links, or fiber optic cables, among others.

[0026] It should be understood that the numbers of ter-
minal devices, networks and servers in FIG. 1 are merely
illustrative. There can be any number of terminal devices,
networks and servers according to implementation
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needs. For example, the server 105 may be a server
cluster composed of a plurality of servers, or the like.
[0027] The unmanned vehicle can use the terminal de-
vices 101, 102, 103 tointeract with the server 105 through
the network 104 to receive or send messages and the
like. The terminal devices 101, 102, 103 may be various
electronic devices with display screens, including but not
limited to smart phones, tablet computers, portable and
desktop computers, digital movie projectors, and the like.
[0028] The server 105 may be a server that provides
various services. For example, the unmanned vehicle
sends a request for optimizing a path of an unmanned
vehicle to the server 105 by using the terminal device
103 (which may also be the terminal device 101 or 102).
The server 105 can obtain an obstacle around an initial
path by obtaining the initial path generated by the un-
manned vehicle, wherein the initial path includes a plu-
rality of discrete waypoints. If the unmanned vehicle in-
tersects an obstacle on the initial path, the decision for
the obstacle is not to detour. If the unmanned vehicle
does not intersect the obstacle on the initial path, then:
the decision for the obstacle is to detour leftwards, if there
are two adjacent first waypoint and second waypoint
close to the obstacle in the discrete waypointsin the initial
path, and the second waypoint is located on left side of
a line connecting the first waypoint and the center point
of the obstacle; and the decision on the obstacle is to
detour rightwards, if there are two adjacent first waypoint
and second waypoint close to the obstacle in the discrete
waypoints in the initial path, and the the second waypoint
is located on right side of a line connecting the first way-
point and the center point of the obstacle. The initial path
of the unmanned vehicle is optimized based on the de-
cision for the obstacle. The server 105 can send the op-
timized path information to the terminal device 103 to
display the optimized path information on the terminal
device 103, so that the unmanned vehicle can view the
corresponding current optimized path of the unmanned
vehicle based on the content displayed on the terminal
device 103.

[0029] For another example, the terminal device 103
(which may also be the terminal device 101 or 102) may
be a smart TV, a VR (Virtual Reality)/AR (Augmented
Reality) head-mounted display, or a mobile terminal with
navigation or online car-hailing, instant messaging, video
applications (APPs) or the like installed thereon. For ex-
ample, the mobile terminal may be a smart phone, tablet
computer or the like. The unmanned vehicle can send
the request for optimizing the path of the unmanned ve-
hicle to the server 105 by the smart TV, VR/AR helmet
display or the navigation, online car-hailing, instant mes-
saging, video APPs. The server 105 can obtain a result
of the path optimization of the unmanned vehicle based
on the request, and return the result to the smart TV,
VR/AR helmet display or the navigation, car-hailing, in-
stant messaging, video APP, and then the returned result
is displayed through the smart TV, VR/AR helmetdisplay,
or the navigation, online car-hailing, instant messaging,
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and video APPs.

[0030] FIG. 2 shows a schematic structural diagram of
a computer system suitable for implementing an elec-
tronic device according to some embodiments of the
present disclosure.

[0031] Itshould be noted thatthe computer system 200
of the electronic device shown in FIG. 2 is only an exam-
ple, and should not impose any limitations on the func-
tions and scope of use of the embodiments of the present
disclosure.

[0032] As shown in FIG. 2, the computer system 200
includes a central processing unit (CPU) 201, which can
execute various appropriate operations and processes
according to a program stored in a Read-Only Memory
(ROM) 202 or a program loaded from a storage part 208
into a Random Access Memory (RAM) 203. In RAM 203,
various programs and data necessary for system oper-
ation are also stored. CPU 201, ROM 202, and RAM 203
are connected to each other through a bus 204. An in-
put/output (I/O) interface 205 is also connected to the
bus 204.

[0033] The following components are connected to the
I/O interface 205: an input part 206 including a keyboard,
amouse, etc.; an output part 207 including a cathode ray
tube (CRT), a liquid crystal display (LCD), etc., and a
speaker, etc.; a storage part 208 including a hard disk
and the like; and a communication part 209 including a
network interface card such as a LAN (Local Area Net-
work) card, a modem, and the like. The communication
part 209 performs communication processing via a net-
work such as the Internet. A drive 210 is also connected
to the I/O interface 205 as needed. A removable medium
211, such as a magnetic disk, an optical disk, a magneto-
optical disk, a semiconductor memory, etc., is mounted
on the drive 210 as needed so that a computer program
read therefrom is installed into the storage part 208 as
needed.

[0034] According to one or more embodiments of the
present disclosure, the processes described below with
reference to the flowcharts may be implemented as com-
puter software programs. For example, one or more em-
bodiments of the present disclosure include a computer
program product comprising a computer program carried
on a computer-readable storage medium, and the com-
puter program contains program code for performing the
method illustrated in the flowchart. In such embodiments,
the computer program may be downloaded and installed
from the network through the communication part 209
and/or installed from the removable medium 211. When
the computer program is executed by the central
processing unit (CPU) 201, various functions defined in
the method and/or apparatus of the present application
are performed.

[0035] It should be noted that the computer-readable
storage medium shown in the present disclosure may be
acomputer-readable signal medium or a computer-read-
able storage medium, or any combination of the above
two. The computer-readable storage medium can be, for
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example, but not limited to, an electrical, magnetic, opti-
cal, electromagnetic, infrared, or semiconductor system,
apparatus or device, or acombination of any of the above.
More specific examples of computer readable storage
media may include, but are not limited to, electrical con-
nections with one or more wires, portable computer disks,
hard disks, random access memory (RAM), read only
memory (ROM), erasable programmable read only mem-
ory (EPROM or flash memory), optical fiber, portable
compact disk read only memory (CD-ROM), optical stor-
age device, magnetic storage device, or any suitable
combination of the above. In this disclosure, a computer-
readable storage medium may be any tangible medium
that contains or stores a program, and the program can
be used by or in conjunction with an instruction execution
system, apparatus, or device. In the present disclosure,
however, a computer-readable signal medium may in-
clude a data signal propagated in baseband or as part
of a carrier wave, and the data signal carries computer-
readable program code therein. Such propagated data
signal may take a variety of forms, including but not lim-
ited to electromagnetic signals, optical signals, or any
suitable combination of the foregoing. A computer-read-
able signal medium can also be any computer-readable
storage medium other than a computer-readable storage
medium that can send, propagate, or transmit a program
for use by or in connection with the instruction execution
system, apparatus, or device. The program code con-
tained on the computer-readable storage medium can
be transmitted by any suitable medium, including but not
limited to: wireless, wire, optical cable, RF (Radio Fre-
quency, radio frequency), etc., or any suitable combina-
tion of the above.

[0036] The flowchartand block diagrams in the Figures
illustrate the architecture, functionality, and operation of
possible implementations of methods, apparatus and
computer program products according to various embod-
iments of the present disclosure. In this regard, each
block in the flowchart or block diagrams may represent
a module, segment, or portion of code that contains one
or more executable instructions for implementing speci-
fied logical functions. It should also be noted that, in some
alternative implementations, the functions noted in the
blocks may occur out of the order noted in the figures.
For example, two blocks shown in succession may, in
fact, be executed substantially concurrently, or the blocks
may sometimes be executed in the reverse order, de-
pending upon the functionality involved. It is also noted
that each block of the block diagrams or flowchart, and
combinations of blocks in the block diagrams or flow-
chart, can be implemented by a dedicated hardware-
based system that perform the specified functions or op-
erations, or can be implemented by using a combination
of dedicated hardware and computer instructions.
[0037] The modules and/or units and/or sub-units de-
scribed in the embodiments of the present disclosure
may be implemented by software or hardware. The de-
scribed modules and/or units and/or sub-units can also
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be set in the processor. The names of these modules
and/or units and/or sub-units do not constitute limitations
on the modules and/or units and/or sub-units themselves
under certain circumstances.

[0038] According to another aspect of the present dis-
closure, a computer-readable storage medium is provid-
ed. The computer-readable storage medium may be in-
cluded in the electronic device described in the above
embodiments, or may exist alone without being included
in the electronic device. The above-mentioned computer-
readable storage medium carries one or more programs,
and when the above-mentioned one or more programs
are executed by an electronic device, the electronic de-
vice is made to implement the methods described in the
following embodiments. For example, the electronic de-
vice can implement the various steps shown in FIG. 5 or
FIG. 6.

[0039] In related art, for example, machine learning
methods, deep learning methods, etc. can be used to
optimize the path of the unmanned vehicle, and different
methods are applicable to different scopes.

[0040] FIG. 3 schematically shows a Frenet coordinate
system and a Cartesian coordinate system according to
an embodiment of the present disclosure.

[0041] Referring to FIG. 3, the Cartesian coordinate
system is the yMx coordinate system. The Frenet coor-
dinate system takes the road centerline as the S axis and
takes a leftward axis vertical to S axis as the L axis. The
road centerline is composed of a series of discrete points.
Assuming there is a point p(xp,yp) in the Cartesian coor-
dinate system, find two discrete points s(xgYys) and
e(X,,Ye) closest to p in the road centerline. Assuming that
the coordinates of s in the Frenet coordinate system are
(ss,0), and the coordinates of e in Frenet are (s,,0), then
the relationship between the point p(xp,yp) in Cartesian
coordinates and its coordinates (sp,/p) in the Frenet co-
ordinate system is determined by the formula (1):

d=(x,~x.9,~)
Ez(xe _xs’ye _yS)

PR
5]
A=
5]
s, =8, +A(s, =5,
bxa
l,=—=
5]

(D

[0042] FIG. 4 schematically shows a schematic dia-
gram of an obstacle 401 and an obstacle boundary pol-
ygon 402 in a Frenet coordinate system and a Cartesian
coordinate system according to an embodiment of the
present disclosure.
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[0043] Referring to FIG. 4, a solid line polygon 401 is
a schematic diagram of an obstacle, and a dotted line
polygon 402 is a schematic diagram of an obstacle
boundary polygon. In FIG. 4, the obstacle 401 and the
obstacle boundary polygon 402 are both quadrilaterals,
but the present disclosure is not limited thereto, and the
obstacle and the obstacle boundary polygon may also
be other shapes than quadrilaterals.

[0044] Among them, the path of the unmanned vehicle
is a set of discrete points. No matter whether it is based
on the Frenet coordinate system or the Cartesian coor-
dinate system, the path planned by the unmanned vehi-
cle canbe expressed by aset of points N={p{x;.y; 6,S;/;)|i
=1,2,...,m}, where m represents the number of discrete
points in the path, (x,y;6;) represents the Cartesian co-
ordinates of the i-th point, (s;/;) represents the coordi-
nates of the i-th point under Frenet.

[0045] Referring to FIG. 4, the obstacle polygon 402
is formed by a series of vertices connected in a certain
order. Combined with the transformation relationship be-
tween the Frenet coordinate system and the Cartesian
coordinate system, assuming that the obstacle boundary
polygon 402 is represented by (Sgtar:Senas/startleng): then
the boundary value of the obstacle boundary polygon
can be determined according to formula (2):

S 0y = MIN(S, )

start

lstart = mln(lz)

(2
s, = max(s,)

[, =max(l)

[0046] Amongthem, (s;/;)informula (2) represents the
coordinates of the i-th point in the obstacle vertexes in
the Frenet coordinate system.

[0047] FIG. 5 schematically shows a flowchart of a
method for optimizing a path of an unmanned vehicle
according to an embodiment of the present disclosure.
The steps of the method according to the embodiments
of the present disclosure may be performed by a terminal
device, a server, or interactively performed by a terminal
device and a server. For example, the method may be
performed by the server 105 in FIG. 1, but the present
disclosure is not limited thereto.

[0048] Instep S510, acquiring aninitial path generated
by the unmanned vehicle, wherein the initial path in-
cludes a plurality of discrete waypoints.

[0049] In this step, the terminal device or server can
acquire the initial path generated by the unmanned ve-
hicle, wherein the initial path includes a plurality of dis-
crete waypoints, that is, the initial path is composed of a
plurality of discrete waypoints. For example, a plurality
of discrete waypoints may be represented by a set of
points N = {p(x;y;,6,s,l)li = 1,2,...,m}, where m repre-
sents the number of discrete points in the path, and
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(x;,y;, @) represents the Cartesian coordinates of the i-th
point, (s;/;) represents the coordinates of the i-th point
under Frenet.

[0050] In the embodiments of the present disclosure,
the terminal device may be implemented in various
forms. For example, the terminals described in this dis-
closure may include mobile terminal such as mobile
phone, tablet computer, notebook computer, PDA, per-
sonal digital assistants (PDA), portable media player
(PMP), path optimization device for unmanned vehicle,
wearable device, smart bracelet, pedometer, robot, and
unmanned vehicle, as well as fixed terminal such as dig-
ital TV (television) and desktop computer.

[0051] In step S520, acquiring obstacle around the in-
itial path.

[0052] In this step, the terminal device or the server
can acquire obstacle around the initial path. In one em-
bodiment, the obstacle includes an obstacle boundary
polygon. The obstacle boundary polygon includes a start-
ing Frenet S coordinate and an ending Frenet S coordi-
nate. The starting Frenet S coordinate of the obstacle
can be the starting Frenet S coordinate of the obstacle
boundary polygon, and the ending Frenet S coordinate
of the obstacle can be the ending Frenet S coordinate of
the obstacle boundary polygon. The initial path includes
the starting Frenet S coordinate and the ending Frenet
S coordinate. Acquiring the obstacles around the initial
pathincludes: comparing the starting Frenet S coordinate
and the ending Frenet S coordinate of the obstacle
boundary polygon with the starting Frenet S coordinate
and the ending Frenet S coordinate of the initial path;
obtaining obstacle or obstacle boundary polygon, where-
in the ending Frenet S coordinate of the obstacle bound-
ary polygon is greater than the starting Frenet S coordi-
nate of the initial path, and the starting Frenet S coordi-
nate of the obstacle boundary polygon is smaller than
the ending Frenet S coordinate of the initial path, that is,
obtaining obstacle or obstacle boundary polygon located
between the starting point and the ending point of the
initial path.

[0053] Instep S530,ifthe unmanned vehicle intersects
the obstacle on the initial path, deciding not to detour the
obstacle.

[0054] In this step, the terminal device or the server
determines: if the unmanned vehicle intersects the ob-
stacle on the initial path, the decision for the obstacle is
not to detour.

[0055] Inone embodiment, the unmanned vehicle has
a center point, and the initial path is a moving trajectory
of the center point of the unmanned vehicle during the
driving process of the unmanned vehicle, wherein the
unmanned vehicle intersecting the obstacle on the initial
path includes: when the center point of the unmanned
vehicle coincides with one discrete waypoint among the
plurality of discrete waypoints, the unmanned vehicle in-
tersects the obstacle.

[0056] Inone embodiment, the unmanned vehicle has
a center point, and the initial path is a moving trajectory
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of the center point of the unmanned vehicle during the
driving process of the unmanned vehicle, wherein the
unmanned vehicle intersecting the obstacle on the initial
path includes: when the center point of the unmanned
vehicle is between two adjacent discrete waypoints on
the initial path, the unmanned vehicle intersects the ob-
stacle.

[0057] In one embodiment, the center point of the un-
manned vehicle being between two adjacent discrete
waypoints on the initial path, includes: the intermediate
trajectory point of the center points of the unmanned ve-
hicles being inserted between two adjacent discrete way-
points of the initial path according to the moving trajectory
of the unmanned vehicle, the center point of the un-
manned vehicle can move along the intermediate trajec-
tory point between two adjacent discrete waypoints.
[0058] The center point of the unmanned vehicle may
be midpoint of the rear axle of the unmanned vehicle.
The center point of the unmanned vehicle may be the
geometric center point of the unmanned vehicle. The
center point of the unmanned vehicle may be the center
of gravity of the unmanned vehicle. The center point of
the unmanned vehicle may also be the center of the
bounding polygon of the unmanned vehicle. The present
disclosure is not limited to this.

[0059] The method for acquiring the bounding polygon
of the unmanned vehicle is similar to the method for ac-
quiring the bounding polygon of the obstacle, and will not
be described in detail here.

[0060] In one embodiment, the unmanned vehicle in-
tersecting the obstacle on the initial path includes: the
bounding polygon of the unmanned vehicle intersecting
the obstacle on the initial path.

[0061] The unmanned vehicle not intersecting the ob-
stacle on the initial path includes: the boundary polygon
of the unmanned vehicle not intersecting the obstacle on
the initial path.

[0062] In one embodiment, the unmanned vehicle in-
tersecting the obstacle on the initial path comprises: the
outline of the unmanned vehicle intersecting the obstacle
on the initial path.

[0063] The unmanned vehicle not intersecting the ob-
stacle on the initial path includes: the outline of the un-
manned vehicle not intersecting the obstacle on the initial
path.

[0064] Inone embodiment, the obstacle comprises an
obstacle boundary polygon, wherein if the unmanned ve-
hicle intersecting the obstacle on the initial path includes:
if the unmanned vehicle intersecting the obstacle or the
obstacle boundary polygon on the initial path.

[0065] In one embodiment, if the unmanned vehicle
intersecting the obstacle or the obstacle boundary poly-
gon on the initial path, includes: among the discrete way-
points in the initial path, if there is a discrete waypoint so
that the unmanned vehicle intersects the obstacle or the
obstacle boundary polygon.

[0066] In one embodiment, the obstacle includes an
obstacle boundary polygon. The obstacle boundary pol-
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ygon includes a starting Frenet S coordinate and an end-
ing Frenet S coordinate. The starting Frenet of the ob-
stacle boundary polygon is the minimum value of the
Frenet S coordinates among the endpoint coordinates of
the obstacle boundary polygon, and the ending Frenet S
coordinate of the obstacle-bounding polygon is the max-
imum value of the Frenet S coordinates among the end-
point coordinates of the obstacle boundary polygon. If
there are two adjacent first and second waypoints close
to the obstacle, it includes: if the Frenet S coordinate of
the second waypoint is greater than the starting Frenet
S coordinate of the obstacle boundary polygon and the
Frenet S coordinate of the first waypoint is smaller than
the ending Frenet S coordinate of the obstacle boundary
polygon, there are two adjacent first waypoint and second
waypoint close to the obstacle.

[0067] In step S540, if the unmanned vehicle does not
intersect the obstacle on the initial path, then: among the
discrete waypoints in the initial path, if there are two ad-
jacent first waypoint and second waypoint close to the
obstacle, so that the second waypoint is located on the
left side of the line connecting the first waypoint and the
obstacle center point, then deciding to detour the obsta-
cle leftwards; among the discrete waypoints in the initial
path, if there are two adjacent first and second waypoints
close to the obstacle, so that the second waypoint is lo-
cated on the right side of the line connecting the first
waypoint and the center point of the obstacle, deciding
to detour the obstacle rightwards.

[0068] In this step, if the unmanned vehicle does not
intersect the obstacle on the initial path, the terminal de-
vice or the server judges the decision for the obstacle
according to the discrete waypoints in the initial path. In
one embodiment, the center point of the obstacle may
be the center point of the obstacle or the center point of
the obstacle boundary polygon. Making the second way-
point located on the left side of the line connecting the
first path and the center point of the obstacle includes:
making the second waypoint located on the left side of
the line connecting the first waypoint and the center point
of the obstacle or the center point of the obstacle bound-
ary polygon. Making the second waypoint be located on
the right side of the line connecting the first waypoint and
the center point of the obstacle includes: making the sec-
ond waypoint be located on the right side of the line con-
necting the first waypoint and the center point of the ob-
stacle or the center point of the obstacle boundary poly-
gon. In one embodiment, the center point of the obstacle
may be the geometric center of gravity point of the ob-
stacle or the obstacle boundary polygon.

[0069] In one embodiment, a first vector connecting
the first waypoint and the center point of the obstacle and
a second vector connecting the first waypoint and the
second vector are determined according to the Cartesian
coordinates of the first waypoint, the second waypoint
and the center point of the obstacle; wherein, in the dis-
crete waypoints inthe initial path, if there are two adjacent
first and second waypoints close to the obstacle, so that

10

15

20

25

30

35

40

45

50

55

the second waypoint is located on the left side of the line
connecting the first waypoint and the center point of the
obstacle, then the decision for the obstacle to detour left,
includes: when the value of the cross product of the first
vector and the second vector is greater than zero, the
second waypoint is located on the left side of the line
connecting the first waypoint and the center point of the
obstacle, and the decision on the obstacle is to detour
left; wherein, in the discrete waypoints in the initial path,
if there are two adjacent first and second waypoints close
to the obstacle, so that the second waypoint is located
on the right side of the line connecting the first waypoint
and the center point of the obstacle, then the decision
for the obstacle to detour right, includes: when the value
of the cross product of the first vector and the second
vector is less than zero, the second waypoint is located
on the right side of the line connecting the first waypoint
and the center point of the obstacle, and the decision for
the obstacle is to detour right.

[0070] In step S550, optimizing the initial path of the
unmanned vehicle based on the decision for the obstacle.
[0071] In this step, the terminal device or the server
can use the decision for the obstacle (no detour, detour
left or detour right) obtained in the preceding steps for
further optimization such as smoothing of the initial path,
or for speed plan of the initial path, etc. Among them, in
the further smooth optimization of the initial path, it is first
necessary to finely solve the solution space required by
the optimizer according to the decision information of the
existing obstacles around the unmanned vehicle, the
driving direction of the vehicle and the road boundary
information, and then take the initial path as the initial
value in the solution space, and optimize the path by
IPOPT, OSQP and other optimizers, in order to obtain a
smooth, comfortable, safe and feasible new path.
[0072] In the above-mentioned method for optimizing
a path of an unmanned vehicle of the present disclosure,
a decision-making method for obstacle around the initial
path is obtained according to the initial path generated
by the unmanned vehicle, which can avoid the problem
of not being able to detour around the obstacle caused
by inconsistent detour behaviors for the obstacle. The
path after smoothing the inital path may have inconsistent
detour behavior for the obstacle compared to the path
before smoothing.

[0073] FIG. 6 schematically shows a flowchart of a
method for decision-making on an obstacle of an un-
manned vehicle according to an embodiment of the
present disclosure.

[0074] In one embodiment, a first vector connecting
the first waypoint and the center point of the obstacle and
a second vector connecting the first waypoint and the
second waypoint is determined according to the Carte-
sian coordinates of the first waypoint, the second way-
point and the center point of the obstacle.

[0075] Instep S541, when the value of the cross prod-
uct of the first vector and the second vector is greater
than zero, the second waypoint is located on the left side
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of the line connecting the first waypoint and the center
point of the obstacle, and the decision for the obstacle is
to detour leftwards.

[0076] In this step, among the discrete waypoints in
the initial path, if there are two adjacent first and second
waypoints close to the obstacle, so that he value of the
cross product of the first vector and the second vector is
greater than zero, the second waypoint is located on the
left side of the line connecting the first waypoint and the
center point of the obstacle, and the decision for the ob-
stacle is to detour left.

[0077] Instep S542, when the value of the cross prod-
uct of the first vector and the second vector is less than
zero, the second waypoint is located on the right of the
line connecting the first waypoint and the center point of
the obstacle side, and the decision for the obstacle is to
detour rightwards.

[0078] In this step, among the discrete waypoints in
the initial path, if there are two adjacent first and second
waypoints close to the obstacle, so that the value of the
cross product of the first vector and the second vector is
less than zero, the second waypoint is located on the
right side of the line connecting the first waypoint and the
center point of the obstacle, and the decision for the ob-
stacle is to detour right.

[0079] Inone embodiment, the process of the decision-
making algorithm for nearby obstacles based on the gen-
erated initial path is as follows.

[0080] Traverse all obstacles b/- from the perception
module, and store all obstacles that do not satisfy the
condition of b;-Sstat > Sllbj-Seng < 1 into the container V
={bli=1, 2,..., k} ;wherein, b;.Sgtat > Sp||bj: Seng < S1 indi-
cates all obstacles of which the ending Frenet S coordi-
nate is smaller than the starting Frenet S coordinate of
the initial path or the starting Frenet S coordinate is great-
er than the ending Frenet S coordinate of the initial path.
[0081] Traverse all obstacles b; in container V:

Initialize the bool (Boolean) type flag bit flag=false,
setthe bjdefault detour status flag direction=left, that
is, detour left;

Traverse all waypoints p;:

If Sjpq < bj.Sgtar, continue; if s; > b;.Sgq , break;
where, S;,4 < b;.Sg44¢ indicates that the Frenet S
coordinate of the waypoint of the initial path is
smaller than the the starting Frenet S coordinate
of the obstacle; s; > b;.s,,, indicates that the
Frenet S coordinate of the waypoint of the initial
path is greater than the ending Frenet S coordi-
nate of the obstacle;

Let Pjxy =(XiYis 0:Si): Pistxy =(Xix1s Yirts Gie1:Si1);
If the unmanned vehicle collides with a polygo-
nal obstacle at a certain point within the interval
(sj,s;+1) of the existing path s (that is, the un-
manned vehicle intersects the obstacle or the
obstacle boundary polygon within (s;,s;.1)), then
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set direction=cross, that is, not detour, break;
otherwise, if flag is false, take the center point
a(x,,y,) of the obstacle or the obstacle boundary
polygon, and construct vector m= (X3 - X;, Yq -
y;) (the first vector ) and n= (Xie1 = X Yier Vi)
(second vector). If mxn > 0 is established, let
direction=left, flag=true, otherwise, let direc-
tion=right, flag=true;

If the direction is left, the lateral decision for the
obstacle bj is to detour left, and if the direction
is right, the lateral decision for the obstacle bj is
to detour right, otherwise not detour.

[0082] FIG. 7 schematically shows a block diagram of
an apparatus for optimizing a path of an unmanned ve-
hicle according to an embodiment of the present disclo-
sure. The apparatus 700 according to the embodiment
of the present disclosure may be set on the terminal de-
vice, and may also be set on the server side, or may be
partially set on the terminal device and partially set on
the server side. For example, it may be set on the server
105in FIG. 1, but the present disclosure is not limited to
this.

[0083] The apparatus 700 according to the embodi-
ment of the present disclosure may include an acquisition
module 710, a determination module 720 and an optimi-
zation module 730.

[0084] The acquisition module 710 is configured to ac-
quire an initial path generated by the unmanned vehicle
and obstacle around the initial path, wherein the initial
path includes a plurality of discrete waypoints; the deter-
mination module 720 is configured to: if the unmanned
vehicle intersects the obstacle on the initial path, decide
not to detour the obstacle; and if the unmanned vehicle
does not intersect the obstacle on the initial path, then:
among the discrete waypoints in the initial path, if there
are two adjacent first waypoint and second waypoint
close to the obstacle, so that the second waypoint is lo-
cated on the left side of the line connecting the first way-
pointand the center point of the obstacle, decide to detour
the obstacle leftwards; in the discrete waypoints in the
initial path, if there are two adjacent first waypoint the
second waypoint close to the obstacle, so that the second
waypointis located on the right side of the line connecting
the first waypoint and the center point of the obstacle,
then decide to detour the obstacle rightwards; and the
optimization module 730 is configured to optimize the
initial path of the unmanned vehicle based on the decision
of the obstacle.

[0085] The apparatus 700 can obtain a decision-mak-
ing method for obstacles around the initial path according
to the initial path generated by the unmanned vehicle, so
as to avoid the problem of not being able to detour around
the obstacle caused by inconsistent detour behaviors for
the obstacle. The path after smoothing the inital path may
have inconsistent detour behavior for the obstacle com-
pared to the path before smoothing.
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[0086] According to one or more embodiments of the
present disclosure, the above-mentioned apparatus 700
can be used to implement the method for optimazing a
path of an unmanned vehicle and the method for decision
making on an obstacle of an unmanned vehicle described
in the embodiments of FIG. 5 and FIG. 6.

[0087] FIG. 8 schematically shows a block diagram of
an apparatus 800 for optimizing a path of an unmanned
vehicle according to another embodiment of the present
disclosure.

[0088] AsshowninFIG.8,inaddition to the acquisition
module 710, the determination module 720, and the op-
timization module 730 described in the embodiment of
FIG. 7, the apparatus 800 further includes a display mod-
ule 810.

[0089] Specifically, the display module 810 displays
the obstacle decision result and the path optimization
result on the terminal after the determination module 720
makes a decision on the obstacle and after the optimi-
zation module 730 optimizes the initial path.

[0090] In the apparatus 800, the display module 810
can achieve the visual display of the obstacle decision
result and the path optimization result.

[0091] FIG. 9 schematically shows a block diagram of
an apparatus 900 for optimizing a path of an unmanned
vehicle according to another embodiment of the present
disclosure.

[0092] AsshowninFIG.9,inaddition to the acquisition
module 710, the determination module 720, and the op-
timization module 730 described in the embodiment of
FIG. 7, the apparatus 900 furtherincludes a storage mod-
ule 910.

[0093] Specifically, the storage module 910 is config-
ured to store the obstacle decision result and the path
optimization result, so as to facilitate subsequent invo-
cation and reference.

[0094] Itcanbeunderstood thatthe acquisition module
710, the judgment module 720, the optimization module
730, the display module 810 and the storage module 910
may be combined into one module, or any one of the
modules may be splitinto multiple modules. Alternatively,
at least part of the functionality of one or more of these
modules may be combined with at least part of the func-
tionality of other modules and implemented in one mod-
ule. According to an embodiment of the present disclo-
sure, at least one of the acquisition module 710, the de-
termination module 720, the optimization module 730,
the display module 810, and the storage module 910 may
be at least partially implemented as a hardware circuit,
such as a field programmable gate array (FPGA), a pro-
grammed logic array (PLA), system-on-chip, system-on-
substrate, system-on-package, application-specific inte-
grated circuit (ASIC), or implemented in hardware or
firmware in any other reasonable manner that integrates
or packages circuits, or it is implemented in an appropri-
ate combination of software, hardware and firmware im-
plementations. Alternatively, at least one of the acquisi-
tion module 710, the determination module 720, the op-
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timization module 730, the display module 810, and the
storage module 910 may be implemented at least par-
tially as a computer program module, and when the pro-
gram is run by a computer, the functions of the corre-
sponding modules may be executed.

[0095] Since each module of the apparatus for opti-
mizing the path of the unmanned vehicle of the exemplary
embodiment of the present disclosure can be used to
implement the steps of the exemplary implementation of
the method for optimizing the path of the unmanned ve-
hicle described in the above-mentioned FIG. 5 and FIG.
6, for undisclosed details, please refer to the above-men-
tioned embodiments of the method for optimizing the path
of the unmanned vehicle in the present disclosure.
[0096] Forthe specificimplementation of each module,
unit, and sub-unit in the apparatus for optimizing the path
of the unmanned vehicle according to the embodiments
of the present disclosure, reference may be made to the
content in the method for for optimizing the path of the
unmanned vehicle, which will not be repeated here.
[0097] It should be noted that although several mod-
ules, units and sub-units of the apparatus for action per-
formance are mentioned in the above detailed descrip-
tion, this division is not mandatory. Indeed, according to
embodiments of the present disclosure, the features and
functions of two or more modules, units and sub-units
described above may be embodied in one module, unit
and sub-unit. Conversely, the features and functions of
one module, unit and sub-unit described above may be
further divided to be embodied by a plurality of modules,
units and sub-units.

[0098] From the description of the above embodi-
ments, those skilled in the art can easily understand that
the exemplary embodiments described herein may be
implemented by software, or may be implemented by
software combined with necessary hardware. Therefore,
the technical solutions according to the embodiments of
the present disclosure may be embodied in the form of
software products, and the software products may be
stored in a nonvolatile storage medium (which may be
CD-ROM, U disk, mobile hard disk, etc.) or on the net-
work, which includes several instructions to cause a com-
puting device (which may be a personal computer, a serv-
er, a touch terminal, or a network device, etc.) to execute
the method according to an embodiment of the present
disclosure.

[0099] Other embodiments of the present disclosure
will readily occur to those skilled in the art upon consid-
eration of the specification and practice of the disclosure
disclosed herein. This application is intended to cover
any variations, uses, or adaptations of the present dis-
closure that follow the general principles of the present
disclosure and include common knowledge or tech-
niques in the technical field not disclosed by the present
disclosure. The specification and embodiments are to be
regarded as exemplary only, with the true scope and spirit
of the disclosure being indicated by the following claims.
[0100] Itistobe understood thatthe presentdisclosure
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is not limited to the precise structures described above
and illustrated in the accompanying drawings, and that
various modifications and changes may be made without
departing from the scope thereof. The scope of the
presentdisclosureis limited only by the appended claims.

Claims

1. A method for optimizing a path of an unmanned ve-
hicle, comprising:

acquiring an initial path generated by the un-
manned vehicle, wherein the initial path includes
a plurality of discrete waypoints;

acquiring an obstacle around the initial path;

if the unmanned vehicle intersects the obstacle
on the initial path, deciding not to detour the ob-
stacle;

if the unmanned vehicle does not intersect the
obstacle on the initial path, then:

among the discrete waypoints in the initial
path, if there are two adjacent first waypoint
and second waypoint close to the obstacle,
and the second waypointis located on a left
side of a line connecting the first waypoint
and a center point of the obstacle, deciding
to detour the obstacle leftwards;

among the discrete waypoints in the initial
path, if there are two adjacent first and sec-
ond waypoints close to the obstacle, and
the second waypoint is located on a right
side of a line connecting the first waypoint
and the center point of the obstacle, decid-
ing to detour the obstacle rightwards; and
optimizing the initial path of the unmanned
vehicle based on the deciding for the obsta-
cle.

2. The method according to claim 1, wherein the un-
manned vehicle has a center point, and the initial
path is a movement trajectory of the center point of
the unmanned vehicle during a driving process of
the unmanned vehicle, wherein said the unmanned
vehicle intersects the obstacle on the initial path,
comprises:
when the center point of the unmanned vehicle co-
incides with one discrete waypoint among the plu-
rality of discrete waypoints, the unmanned vehicle
intersects the obstacle.

3. The method according to claim 1, wherein the un-
manned vehicle has a center point, and the initial
path is a movement trajectory of the center point of
the unmanned vehicle during a driving process of
the unmanned vehicle, wherein said the unmanned
vehicle intersects the obstacle on the initial path,

10

15

20

25

30

35

40

45

50

55

1"

comprises:

when the center point of the unmanned vehicle is
between two adjacent discrete waypoints ofthe initial
path, the unmanned vehicle intersects the obstacle.

The method according to claim 3, wherein said the
center point of the unmanned vehicle is between two
adjacent discrete waypoints of the initial path, com-
prises:

there are a plurality of intermediate trajectory points
of the center points of the unmanned vehicles insert-
ed according to the movement trajectory of the un-
manned vehicle between the two adjacent discrete
waypoints of the initial path, and the center point of
the unmanned vehicle moves along the intermediate
trajectory points between the two adjacent discrete
waypoints.

The method according to claim 1, wherein the ob-
stacle comprises an obstacle boundary polygon, the
obstacle boundary polygon comprises a starting
Frenet S coordinate and an ending Frenet S coordi-
nate, the starting Frenet S coordinate of the obstacle
boundary polygon is a minimum value of the Frenet
S coordinates of endpoint coordinates of the obsta-
cle boundary polygon, and the ending Frenet S co-
ordinate of the obstacle boundary polygon is a max-
imum value of the Frenet S coordinates of the end-
point coordiantes of the obstacle boundary polygon,
wherein, said if there are two adjacent first waypoint
and second waypoint close to the obstacle, compris-
es:

if the Frenet S coordinate of the second waypoint is
greater than the starting Frenet S coordinate of the
obstacle and the Frenet S coordinate of the first way-
point is smaller than the ending Frenet S coordinate
of the obstacle, there are two adjacent first waypoint
and second waypoint close to the obstacle.

The method according to claim 1, wherein the ob-
stacle comprises an obstacle boundary polygon,
wherein said if the unmanned vehicle intersects the
obstacle on the initial path comprises:

if the unmanned vehicle intersects the obstacle or
the obstacle boundary polygon on the initial path.

The method according to claim 6, wherein said if the
unmanned vehicle intersects the obstacle or the ob-
stacle boundary polygon on the initial path compris-
es:

among discrete waypoints in the initial path, if there
is one discrete waypoint, and the unmanned vehicle
intersects the obstacle or the obstacle boundary pol-

ygon.

An apparatus for optimizing a path of an unmanned
vehicle, comprising:
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an acquisition module, configured to acquire an
initial path generated by the unmanned vehicle,
and acquire obstacle around the initial path,
wherein the initial path includes a plurality of dis-
crete waypoints;

a determination module, configured to decide
not to detour the obstacle if the unmanned ve-
hicle intersects the obstacle on the initial path;
if the unmanned vehicle does not intersect the
obstacle on the initial path, then:

among discrete waypoints in the initial path,
if there are two adjacent first waypoint and
second waypoint close to the obstacle, and
the second waypointis located on aleft side
of a line connecting the first waypoint and a
center pointofthe obstacle, decide to detour
left for the obstacle;

among the discrete waypoints in the initial
path, if there are two adjacent first waypoint
and second waypoint close to the obstacle,
and the second waypoint is located on a
right side of a line connecting the first way-
point and the center point of the obstacle,
decide to detour right for the obstacle; and

an optimization module configured to optimize
the initial path of the unmanned vehicle based
on a decision of the obstacle.

9. An electronic device, comprising:

one or more processors;

a memory configured to store one or more pro-
grams which, in response to being executed by
the one or more processors, cause the one or
more processors to implement the method ac-
cording to any one of claims 1 to 7.

10. A computer-readable storage medium storing a
computer program, wherein the method according
to any one of claims 1 to 7 is implemented in re-
sponse to the computer program being executed by
a processor.
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Acquiring an initial path generated by the unmanned vehicle, wherein the
initial path includes a plurality of discrele waypoints

Acquiring obstacles around the initial path

I

Tf the unmanned vehicle intersects the obstacle on the initial
path, deciding not (o detour the obstacle

[

If the unmainéd vehicle does not interscet the obstacle on the nitial
path, then: among the discrete waypoints in the initial path, if there arc two
adjacent first waypoint and second waypoint close to the obstacle, sa that
the second waypoint is located on the left side of the line connecting the first
waypoint and the obstacle center point, then deciding to detour the obstacle
leftwards; among (he discrete waypoints in the initial path, if there are two
adjacent first and second waypoints close to the obstacle, so that the second
waypoint is located on Lhe right side of the line connecting the first waypoint
and (he center point of the obstacle, deciding {o detour (he obstacle rightwards

{

Optimizing the initial path of the trmnanned vehicle based on the
decision lor the obstacle

FIG.5

When the value of the cross product of the first vector and the second vector
is greater than zero, the second waypoint is located on the left side of the ling
connecting the first waypoint and the center point of the obstacle, and the
decision for the obstacle is to detour lefiwards

!

Whei the value of the cross product of the first vector and the second vector is

less than zero, the second waypoint is located on the right of the line connecting the

first waypoint and the center point of the obstacle side, and the decision for the
obstacle is-to detour rightwards
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